We present observations of a small-scale Extreme-ultraviolet (EUV) wave that was associated with a mini-filament eruption and a GOES B1.9 micro-flare in the quiet Sun region. The initiation of the event was due to the photospheric magnetic emergence and cancellation in the eruption source region, which first caused the ejection of a small plasma ejecta, then the ejecta impacted on a nearby mini-filament and thereby led to the filament's eruption and the associated flare. During the filament eruption, an EUV wave at a speed of 182 -317 km s −1 was formed ahead of an expanding coronal loop, which propagated faster than the expanding loop and showed obvious deceleration and reflection during the propagation. In addition, the EUV wave further resulted in the transverse oscillation of a remote filament whose period and damping time are 15 and 60 minutes, respectively. Based on the observational results, we propose that the small-scale EUV wave should be a fast-mode magnetosonic wave that was driven by the the expanding coronal loop. Moreover, with the application of filament seismology, it is estimated that the radial magnetic field strength is about 7 Gauss. The observations also suggest that small-scale EUV waves associated with miniature solar eruptions share similar driving mechanism and observational characteristics with their large-scale counterparts.
INTRODUCTION
Global propagating magnetohydrodynamics (MHD) waves in the solar atmosphere were firstly observed in the dense solar chromosphere. They are historically called Moreton waves(e.g., Moreton 1960 Moreton , 1964 Warmuth et al. 2004a) , and are observed as arc-shaped bright propagating fronts at speeds of about 1000 km s −1 (e.g., Shen et al. 2014a; Liu & Ofman 2014; Warmuth 2015) . Uchida (1968) first proposed that Moreton waves are the footprints of coronal shock waves in the dense chromosphere (see also Vršnak et al. (2016) ). Moses et al. (1997) and Thompson et al. (1998) first reported the similar wave-like phenomena (namely "Extreme-ultraviolet (EUV)" wave) in the solar corona. However, it is hard to consider EUV waves as the counterparts of Moreton waves due to their low speed (of 200 -400 km s −1 Thompson & Myers (2009) ), although the counterparts of Moreton waves have been detected at other heights of the solar atmosphere (Khan & Aurass 2002; Vršnak et al. 2002 Vršnak et al. , 2005 Kwon et al. 2013) . Using high temporal and high spatial resolution observations taken by the Atmospheric Imaging Assembly (AIA; Lemen et al. 2012) , Nitta et al. (2013) showed that the average speed of EUV waves is 644 km s −1 . However, this speed is still too much lower than that of Moreton waves. Recent observations indicate that the speed discrepancy between Moreton and EUV waves can be reconciled by considering the fast deceleration of EUV waves during the beginning stage (Warmuth et al. 2004a,b; Shen & Liu 2012a,b) . For example, showed that a coronal wave and its corresponding chromospheric Moreton wave have a similar speed of 1000 km s −1 at the beginning stage, but the average speed of the coronal wave during the whole lifetime is only 605 km s −1 . So far, many scholar have accepted that EUV waves are the counterparts of Moreton waves in chromosphere.
During the past two decades, two main debating problems about EUV waves are about the driving source and the true physical property. Due to the lack of the knowledge of CMEs before 1970s, the driving source of Moreton waves was naturally considered to be the pressure enhancement of the flares (e.g., Moreton 1960 Moreton , 1964 Uchida 1968 ). Therefore, many earlier studies also believe that the driver of EUV waves are the associated flares (e.g., Warmuth et al. 2004a,b; Cliver et al. 2005) . However, along with the development of advanced solar telescopes, more and more studies based on high resolution observations indicate that global EUV waves are in fact excited by the associated CMEs (e.g., Chen et al. 2006; Chen & Wu 2011; Ma, et al. 2009; Ma et al. 2010; Cheng et al. 2012; Shen & Liu 2012a,b; Shen et al. 2013a Shen et al. , 2014a Muhr et al. 2014; Zhou & Liang 2017) .
For the physical nature of EUV waves, many authors interpreted them as coronal compressive fast-mode magnetosonic waves (e.g., Thompson et al. 1998; Patsourakos & Vourlidas 2009; Muhr et al. 2010; Veronig et al. 2010; Long et al. 2011a,b; Xue et al. 2013; Vanninathan et al. 2015; Yang et al. 2013; Long et al. 2017) , while some peoples believe that EUV waves are not at all waves in physics (e.g., Delannée & Aulanier 1999; Foley et al. 2003; Harra & Sterling 2003; Attrill et al. 2009; Attrill 2010; Zhukov et al. 2009; Dai et al. 2010) . In most cases, only one bright wavefront can be detected. However, sometimes there are two simultaneous bright wavefront can be observed in a single eruption, in which one is fast and it can be detected in a large distance range, while the other is slow and its speed is about one third of the preceding fast one (Delannée & Aulanier 1999; Delannée 2000; Chen & Wu 2011; Shen et al. 2014a; Kumar et al. 2013; Guo et al. 2015) . Chen et al. (2016) recently found that part of a fast propagating wavefront can convert to a slowmode wave, which is trapped inside magnetic loops and manifested as a stationary wave front. This phenomenon has benn confirmed by very recently observations Yuan et al. 2016; Zong & Dai 2017) . In addition, recent high-resolution observations revealed that many large-scale EUV waves are tightly associated with the quasi-periodic fastpropagating magnotosonic waves that share common periods with the associated flares (e.g., Liu et al. 2010 Liu et al. , 2011 Liu et al. , 2012 Ofman et al. 2011; Shen & Liu 2012c; Shen et al. 2013b; Yuan et al. 2013; Pascoe et al. 2013; Nisticó et al. 2014; Kumar & Innes 2015; Kumar et al. 2017; Goddard et al. 2016) .
On the other hand, solar physicists have made many theoretical efforts to understand the physical nature of EUV waves. For example, Chen et al. (2002) proposed a numerical model to interpret the co-existing fast and slow wavefronts in a single eruption, in which the authors explained that the fast wave is the corresponding coronal counterpart of the chromosphere Moreton wave, while the slow wavefront behind the fast one is formed by the successive opening of magnetic field lines. Therefore, the fast wavefront is a fast-mode magnetosonic wave in nature, but the slow one is not (Chen et al. 2005) . The co-existing of both wave and non-wave explanation is supported by many observations (e.g., Zhukov & Auchère 2004; Cohen et al. 2009; Liu et al. 2010; Downs et al. 2011; Li et al. 2012b,c; Shen & Liu 2012a,b; Shen et al. 2013a; Kumar et al. 2013; Zong & Dai 2015) . Other interpretations of EUV waves still include slow-mode wave (Wills-Davey 2006; Wang et al. 2009 Wang et al. , 2015 , successive reconnection model (Attrill et al. 2007; van Driel-Gesztelyi et al. 2008) , Joule heating mechanism (Delannée et al. 2007 (Delannée et al. , 2008 , and so on. All these theoretical models can explain a part of characteristics of EUV waves. More information on the driving mechanism and physical property of EUV wave can be found in recent reviews (Gallagher & Long 2011; Patsourakos & Vourlidas 2012; Liu & Ofman 2014; Warmuth 2015) .
Previous studies mainly focused on large-scale EUV waves association with energetic solar eruptions. However, less energetic small-scale EUV waves associated with miniature eruptions should be also important in the full spectrum of EUV waves of hierarchic sizes. Although small-scale EUV waves are less energetic than their large-scale counterparts, they are more frequently and their total energy budget could be significant for the quiet-Sun (Liu & Ofman 2014) . Innes et al. (2009) estimated that there are about 1400 miniature eruptions per day over the whole Sun, and about one third of them are associated with small-scale EUV waves that can propagate a distance of 80 Mm, and the average speed and lifetime are about 100 km s −1 and 30 minutes, respectively. Podladchikova et al. (2010) reported that small-scale EUV waves can be detected up to a distance of 40 Mm over a lifetime of 20 minutes, and they interpreted these small-scale EUV waves as slow-mode waves according to their average speed (14 km s −1 ). Zhang & Liu (2011) also reported many small-scale EUV waves associated with EUV cyclones over the quiet Sun at a speed of 35-85 km s −1 , much slower than large-scale EUV waves originated from active regions. The driving source of small-scale EUV waves are found to be associated with miniature eruptions such as mini-filaments, micro-sigmoids, jets, and EUV cyclones. However, how these miniature solar eruptive activities trigger small-scale EUV waves are still unclear. In a few studies, some authors claimed that small-scale EUV waves are triggered by mini-CMEs launched by the miniature solar eruptions, which resemble their large-scale counterparts many characteristics and are interpreted as fast-mode magnetosonic waves (e.g., Zheng et al. 2011 Zheng et al. , 2012a Zheng et al. ,b,c,d, 2013a Zheng et al. ,b, 2014 . Liu & Ofman (2014) noted that small-scale EUV waves could be divided into two categories according to their locations of the source regions. Namely, those from ephemeral regions closely resemble large-scale EUV waves can be interpreted as fast-mode magnetosonic waves, which are often associated with miniature eruptions of mini-filaments, micro-sigmoids, and coronal jets (Zheng et al. 2011 (Zheng et al. , 2012a (Zheng et al. ,b,c,d, 2013a (Zheng et al. ,b, 2014 , and has a larger size and faster speed in the range of 200-500 km s −1 . Those from the quiet Sun have smaller size and slower speed of 10-100 km s −1 and can be interpreted as slow-mode waves (Podladchikova et al. 2010) or non-wave coronal reconfigurations. They are often associated with supergranular flows (Innes et al. 2009) or coronal cyclones driven by rotating network magnetic fields (Zhang & Liu 2011; Yu et al. 2015) . So far, studies on small-scale EUV waves are still very scarce, questions such as their driving mechanism, physical nature, their relation to the variation of photosphere magnetic field, and their role played in the full spectrum of EUV waves are still unclear. Therefore, more detailed observational studies based on high resolution observations are needed.
In the present study, we present the observational analysis of a small-scale EUV wave that occurred on March 21, 2016 from a region of quiet Sun. It was associated with a mini-filament eruption and a GOES B1.9 micro-flare, and the magnetic field of the eruption source region showed flux emergence and cancellations. The observational results suggest that the small-scale EUV wave should be a fast-mode magnetosonic wave that was driven by the fast expansion of a coronal loop system associated with the eruption of a mini-filament. In addition, the small-scale EUV wave also caused the transverse oscillation of a remote filament. These results provide new clues for diagnosing the driving mechanism and the physical nature of the small-scale EUV wave and the property of the oscillating filament. The instruments and observations are briefly introduced in Section 2, observational results are described in Section 3, conclusions and discussions are given in the last section.
INSTRUMENTS AND OBSERVATIONS
The event was simultaneously recorded by the Solar Magnetic Activity Research Telescope (SMART; Ueno et al. 2004 ) and the Solar Dynamics Observatory (SDO; Pesnell et al. 2012 ). The SMART is a groundbased solar telescope at Hida Observatory of Kyoto University, Japan, which observes the full-disk Sun with the Hα line. On March 21, SMART only provided Hα linecenter observations. The cadence and pixel resolution of the Hα images are 1 minute and 0 ′′ .6, respectively. The line-of-sight (LOS) magnetograms and EUV observations used in the present paper is taken by the Helioseismic and Magnetic Imager (HMI; Schou et al. 2012 ) and the Atmospheric Imaging Assembly (AIA; Lemen et al. 2012 ) onboard the SDO, respectively. The measurement precision of the magnetograms is 10 Gauss, and the cadence and pixel resolution are 45 seconds and 0 ′′ .6, respectively. The AIA images the full-disk Sun up to 1.3 R ⊙ in seven EUV and three UV-visible channels, and it has a cadence of 12 seconds and a pixel resolution of 0 ′′ .6. The soft X-ray 1 -8Å flux is recorded by the Geostationary Operational Environmental Satellite (GOES). All images used in this paper are differentially rotated to the reference time of 23:55:00 UT on March 21, and the solar north is up, west to the right.
OBSERVATIONAL RESULTS
On March 21, 2016, SDO observed a mini-filament eruption in a quiet Sun region close to the solar disk center. The mini-filament eruption did not cause any CMEs in coronagraph observations, and the GOES soft X-ray 1 -8Å flux indicates that the eruption was accompanied by a B1.9 micro-flare, whose start and peak times are about 23:45:00 UT on March 21 and 00:05:00 UT on March 22. It is interesting that an arch-shaped EUV wave was caused by such a miniature eruption. The EUV wave can be clearly detected within a large distance over 300 Mm, and it further caused the transverse oscillation of a remote filament that located at about 240 Mm far from the eruption source region.
The source region before the eruption is shown in Figure 1 with an Hα center and an AIA 193Å images. It can be seen that the source region shows as a small bright patch in the Hα image, which is highlighted by a white dotted circle in Figure 1 . A mini-filament can be identified as a small dark patch close to the south side of the source region (see the white arrow in Figure 1 (a) ). In the meantime, another relatively longer filament at the south-west of the source region is also observed. The projection distance from the filament to the eruption source region is about 240 Mm, and the filament showed obvious transverse oscillation due to the interaction of the EUV wave originated from the eruption source region. In order to show the magnetic field condition of the eruption source region and the region where the EUV wave propagates, the HMI LOS magnetic field at 23:40:14 UT is overlaid on the Hα image (see Figure 1 (a)), in which the red and blue contours represent the positive and negative magnetic fields, respectively. As one can see that the entire region of interest belongs to a quiet Sun region, and the magnetic field in the eruption source region is relatively stronger than the surrounding region and shown as a small bipolar region. In the AIA 193Å image (Figure 1 (b) ), the source region is observed as a small bright loop system, and the mini-filament observed in Hα images can not be identified. Figure 2 shows the eruption process of the minifilament with different wavelength observations. In the Hα images (top row), it can be seen that the dark minifilament first moved to the south and then erupted. At about 00:07:05 UT, the filament had totally disappeared from the Hα images. During the eruption, two bright flare ribbons are observed in the eruption source region (see the top row of Figure 2 ), which indicate the magnetic reconnection process underneath the erupting filament like the physical picture described in large-scale filament eruptions (e.g., Lin & Forbes 2000; Lin et al. 2003; Shen et al. 2011 , as well as minifilament eruption involving in coronal blowout jets (e.g., ). In the AIA 304Å observations (middle row), a moving jet-like feature is observed from the eruption source region to the position of the minifilament before the filament eruption, and the trajectory of the jet-like feature is indicated by the black arrow in Figure 2 (e). It is found that the onset of the minifilament eruption was due to the disturbance of this small jet-like feature. The interaction between the small plasma ejecta and the mini-filament occurred at about 23:52:54 UT, after that the mini-filament underwent a rising and eruption process. The erupting filament is indicated by the black arrow in Figure 2 (f). By comparison the Hα (00:07:05 UT) and AIA 304Å (00:07:30 UT) images at the same time, it is found that the erupting filament can be obviously observed in the AIA 304 A image but invisible in the Hα. The EUV observation of the eruption is shown with AIA 211Å images (bottom row). The most obvious characteristics of the eruption in EUV observations include (1) the expansion of a loop system followed by a dark dimming region, (2) the formation of a bright post-flare-loop in the source region, and (3) the generation of an EUV wave ahead of the expanding coronal loop. The expanding loop is highlighted by the dotted curve in Figure 2 (h), and the bright post-flare-loop is obvious in Figure 2 (i). For more details about the eruption process, one can see the animation available in the online journal.
The evolution of the magnetic field in the eruption source region is analyzed by using the HMI LOS magnetograms, and the results are shown in the top row of Figure 3 . In HMI LOS magnetograms, the white and black patches represent the positive and negative magnetic polarities, respectively. It is obvious that the area of the negative magnetic polarity became smaller during the eruption, which indicates that magnetic flux cancellation occurred due to the intruding of the positive magnetic polarity from the east direction (compare the box regions of panels (a) and (c) in Figure 3 ). The variations of the positive and the absolute value of the negative magnetic fluxes are plotted in Figure 3 (a) , in which the red and blue contours are positive and negative magnetic fields, and the contour levels are ±50, ±100, ±200, and ±300 Gauss. The white dotted circle marks the eruption source region, and the four sectors in panel (b) show the paths for making time-distance diagrams as shown in Figure 5 . The white dashed line perpendicular to the filament is used to make time-distance diagrams as shown in Figure 6 creasing trend during the entire observing time interval, which suggests the emerging process of the positive polarity. For the negative magnetic flux, it shows a sudden decrease just at around the beginning of the eruption (23:45:00 UT; see also the vertical dotted line in Figure 3 ). In the meantime, the positive magnetic flux shows a short time of rapid increase. This indicates that the rapid emerging of the positive magnetic polarity caused the interaction and flux cancellation between the positive and negative polarities, which triggered the ejection of the jet-like feature and therefore the eruption of the mini-filament. The lightcurves within the eruption source region (black box in Figure 2 (f)) measured from AIA's different EUV channels, Hα, and the GOES soft X-ray 1 -8Å flux are plotted in panel (e) of Figure 3 . It indicates that only the 304Å and Hα lightcurves started to increase simultaneously with the beginning of the magnetic cancellation, the lightcurves of other AIA channels showed a few minutes delay. This indicates that the magnetic cancellation first caused the small plasma ejecta observed in the Hα and AIA 304 A images, then the eruption of the mini-filament resulted in the delayed rising of other lightcurves of AIA channels. Considering the tight temporal relation between the start times of the magnetic cancellation and the beginning of the eruption, we can conclude that the photospheric magnetic flux cancellation resulted in the instability of the magnetic system and the initiation of the eruption. The evolution of the EUV wave is shown in Figure 4 using the AIA 171Å and 211Å running ratio images. Here a running ratio image is obtained by dividing the current image by the previous one in time. It is noted that the EUV wave can only be detected at the AIA 193, and 211Å observations, which suggests the narrow temperature and height range dependence of this EUV wave. Here, we only show the EUV wave with the AIA 211Å running ratio images. In the AIA 171Å running ratio images, the expansion coronal loop can be clearly observed, which moved in the southeast direction and followed by a dark dimming region. In the AIA 211Å running ratio images, the expanding coronal loop can only be clear identified during the very beginning stage of the eruption. At about 23:56:46 UT, a bright EUV wave became obviously ahead of the expansion loop during the fast expansion phase of the coronal loop, but it more clearly in the southwest direction. The first appearance time of the EUV wave delays the start times of the mini-filament eruption and the associated flare about 3 and 10 minutes, respectively. This suggests that the EUV wave was probably excited by the fast expanding coronal loop system, which represents the prototype of a CME in the low corona. Therefore, the same with many studies of large-scale EUV waves, this small-scale EUV wave is also driven by the expanding CME in the low corona rather than the flare induced pressure pulse (Cheng et al. 2012; Ma et al. 2011; Shen et al. 2013a Shen et al. , 2014b . From another point of view, it is also hard to imagine that the EUV wave was driven by the pressure provided by such a micro-flare. It should be pointed out that it is hard to distinguish the separation process of the EUV wave from the expanding loop in the present case like the limb events reported by Ma et al. (2011) and Cheng et al. (2012) . This is probably caused by two reasons: one is the small-scale nature of the present event, in which the expanding loop and the preceding EUV wave have similar speeds during the beginning stage; the other is that the present event was on the solar disk, the projection effect may be important for us to distinguish the separation process.
The kinematics of the expanding loop system and the EUV wave are analyzed using time-distance diagrams made from the AIA 171 and 211Å running ratio images along the four sectors (S1 -S4) shown in Figure 1 (b). In the AIA 171Å time-distance diagrams (Figure 5 (a) and (b) ), the expanding loop system shows as an inclined bright stripe, behind of which is the dark dimming region. The expansion of the loop system underwent a short acceleration and then expanding at a constant speed of about 104 km s −1 along S1 ( Figure 5  (a) ). The moving speed of the expanding loop is obtained by fitting the bright stripe in the time-distance diagram with a linear function. Along S2 (Figure 5 (b) ), one can observe two expanding loops, and the expansion speeds of the ahead and behind loops are 157 and 134 km s −1 , respectively. The pair of expanding loops can also be observed in the direct imaging observations (see Figure 4 (b) and (c) ). In the AIA 211Å time-distance diagrams along S1 (Figure 5 (c) ) and S2 ( Figure 5 (d) ), both the expanding loop ( red dashed lines) and the EUV wave (blue dotted curves) can be observed simultaneously. It is measured that the expanding speeds of the loop system along S1 and S2 are about 60 and 105 km s −1 , respectively. In both AIA 171 and 211Å timedistance diagrams, the dimming region firstly expanded as the expansion of the loop system, then it stopped at the distances of 58 Mm and 75 Mm along the paths of S1 and S2, respectively.
For the EUV wave, it generated ahead of the fast expansion phase of the loop system at a distance of about 60 Mm from the eruption source region. The EUV wave can be detected in a distance range of about 60 Mm to over 300 Mm, and its propagation showed obvious deceleration (see panels (c) to (f) of Figure 5 ). Along the path of S2, the EUV wave also showed reflection due to the interaction with a small coronal magnetic structure in the path (see also Figure 1 (b) ). The phenomenon of reflection of EUV waves can be observed during their interaction with other magnetic structures such as active regions, coronal holes, as well as coronal bright points. Detailed analysis of this phenomenon can be found in many articles (e.g., Gopalswamy et al. 2009; Shen & Liu 2012a,b; Shen et al. 2013a; Li et al. 2012b; Kienreich et al. 2013 ). The blue dotted curves in Figure 5 are the second order polynomial fitting to the propagating EUV wavefront, based on which we obtain that the accelerations of the EUV wave are about -90, -120, -123, and -133 m s −2 along the paths of S1 to S4, respectively. The acceleration of this EUV wave is lower than the "typical" value of -200 m s −2 for large-scale EUV waves (e.g., Warmuth 2015) . The average propagation speeds along the four paths are also calculated based on linear fit to the data points, and the results are 182, 231, 282, and 317 km s −1 , respectively. Obviously, the propagation speed of the EUV wave is faster than that of the expansion of the loop system and higher than the sound speed in the quiet Sun corona (150 -210 km s −1 for 1 -2 MK coronal temperature). The lower acceleration and speed of the present EUV wave relative to the large-scale EUV waves are probably due to the less energetic nature of the as- sociated miniature eruption. However, the deceleration, the reflection, and the fast speed of the EUV wave together suggest that this small-scale EUV wave should be a fast-mode magnetosonic wave which was driven by the expanding coronal loop system. The speed of the reflected wave is about 120 km s −1 , which is relatively slower than the incident wave's speed (180 km s −1 ) just before the interaction. Although the speed of the reflected wave is smaller than the incident wave and the sound speed in quiet Sun, we can still consider it as a wave due to its similar speed with the incident wave. Generally speaking, the wave will partially loss its energy during the interaction, and the propagation direction of the reflected wave may not along the path that we used to measure the wave speed. These reasons can cause the slower speed of the reflected wave than the incident wave. Such a phenomenon is also reported in many previous studies (e.g., Gopalswamy et al. 2009; Kienreich et al. 2013) .
It is interesting that the propagation of the EUV wave further caused the transverse oscillation of a remote filament on the path. The filament located at a distance of about 240 Mm from the eruption source region in the southwest direction, which can be observed clearly in the Hα and EUV images (see Figure 1) . The transverse oscillation of this remote filament started about 10 minutes after the generation of the EUV wave. Since the distance between the filament and the generation position of the EUV wave is about 180 Mm, the required propagation speed of the EUV wave to trigger the oscillation of the filament should be 300 km s −1 , which is well in agreement with the measured speed (317 km s −1 ) of the EUV wave along S4 that passes through the location of the filament (see also Figure 1 (b)). The filament oscillation is analyzed using timedistance diagrams made from Hα and AIA 171Å observations along a path across the filament main axis, and the results are displayed in Figure 6 . At about 00:05:15 UT on March 22, the EUV wave interacted with the filament. The filament was immediately pushed to the south direction and then started to oscillate for about three cycles. The oscillating filament can well be identified in the time-distance diagrams as shown in panels (a) and (b) of Figure 6 . The trajectories of the oscillating filament are traced from the Hα and AIA 171Å timedistance diagrams and plotted in panels (c) and (d) of Figure 6 , respectively. By fitting the data points (black asterisk) with a damped vibration equation in form of F (t) = A exp(− t τ ) sin(ωt + φ), the oscillation parameters of the filament can be obtained. The fitting results indicate that the amplitudes (A), periods (T ), and the damping times (τ ) of the oscillating filament obtained from the Hα (AIA 171Å ) data are 8 (6) Mm, 14.4 (15) minutes, and 60 (60) minutes, respectively. The oscillation parameters of the filament are consistent with Figure 5 . Time-distance diagrams show the kinematics of the expanding loop system and the EUV wave along sectors S1 -S4 as shown in Figure 1 (b) . Panels (a) and (b) are AIA 171Å time-distance diagrams along S1 and S2, respectively. Panels (c) -(f) are AIA 211Å time-distance diagrams made along S1 -S4, respectively. The green dashed line is a linear fit to the reflected wave. The dashed red lines in the figure are the linear fit to the stripes that represent the expanding loop, while the dotted blue curve the second order fitting of a polynomial of the EUV wave.
those reported in previous studies (Shen et al. 2014a,b; Tripathi et al. 2009 ).
With the measured oscillation parameters of the filament, we can estimate the radial component of the filament's magnetic field with the filament seismology technique proposed by Hyder (1966) . The mathematic relation between the radial magnetic field and the oscillation period and damping time can be written as B 
, where B r is the radial component of the filament magnetic field, ρ is the density of the filament mass, r 0 is the scale height of the filament, T is the oscillation period, and τ is the damping time. This equation can be wrote as B 
, if we assume ρ = 4 × 10 −14 g cm −3 , i.e., n e = 2 × 10 10 cm −3 . In addition, the same with Hyder (1966) , we can set the value r 0 = 3 × 10 9 cm. With the measured period and damping time of the filament, it is estimated that the radial component of the filament magnetic field is about 7 Gauss, which is consistent with the values obtained by other methods (e.g., Warwick & Hyder 1965; Lee et al. 1965 ). Using high temporal and spatial resolution observations taken by the SMART and SDO, we present the observational analysis of a small-scale EUV wave that was in association with a mini-filament eruption in the quiet Sun. This eruption accompanied by a GOES soft X-ray B1.9 micro-flare and without CME association. The eruption source region is identified as a small bipolar magnetic region, in which magnetic flux emergence and cancellation are detected and they are thought to be the cause of the instability and eruption of the magnetic system. The photospheric magnetic flux cancellation first resulted in the ejection of a small plasma ejecta in the source region, which impacted on a nearby minifilament on the south and further caused the filament's rising and eruption. During this period, an expanding loop system followed by a dark dimming region is observed in the southeast direction, which underwent a short acceleration and then a fast expansion phases. It is interesting that an EUV wave was generated ahead of the expanding loop system during the fast expansion phase, and it further resulted in the transverse oscillation of a remote filament that located at a distance of about 240 Mm from the eruption source region.
CONCLUSIONS AND DISCUSSIONS
It is found that both the expanding loop system and the following dimming region stopped at a finite distance less than 100 Mm from the center of the eruption source region, and the expanding speed of the loop system is about 104 -157 km s −1 . The EUV wave generated ahead of the expanding loop at a distance of about 60 Mm and propagated to a large distance over 300 Mm from the center of the eruption source region, and its propagation showed obvious deceleration and reflection behaviors. Measurements results indicate that the acceleration and average speed of the EUV wave are about -90 --133 m s −2 and 182 -317 km s −1 , respectively. It is found that the acceleration is lower than the "typical" value (-200 m s −2 ) obtained in statistical studies of large-scale EUV waves (Warmuth 2015) . In the meantime, the propagation speed is also lower that the statistical average speed (644 km s −1 ) of large-scale EUV waves (Nitta et al. 2013) . The lower acceleration and speed of the present EUV wave relative to their largescale counterparts are probably due to the less energetic nature of this miniature eruption. However, the present small-scale EUV wave has similar physical properties as those observed in large-scale EUV wave events, such as the phenomena of deceleration, reflection, and the oscillation of the remote filament. In addition, although the wave speed is lower than their large-scale counterparts, the propagation speed of the present EUV wave is still faster than the expanding loop system and the sound speed in the quiet Sun corona. Therefore, we propose that the EUV wave observed in the present event should be a fast-mode magnetosonic wave driven by the expanding coronal loop.
It is found that the first appearance time of the EUV wave delays the start time of the associated flare about 10 minutes. Therefore, it is unlikely that this small-scale EUV wave was excited by the flare pressure pulse due to the lower flare class (B1.9) and the large time interval between the two phenomena. For large-scale EUV waves, previous studies suggested that some of them are associated with small flares, but the probability of a given small flare having an associated EUV wave is very low (Cliver et al. 2005 ). In the statistical study presented by Chen et al. (2006) , he found that only those flares accompanied by CMEs can generate EUV waves, all energetic large flares in their sample without CMEs have no EUV wave associations. The present study highly support the scenario that EUV waves are driven by CMEs (Chen et al. 2006; Nitta et al. 2013; Liu & Ofman 2014) , although there was no CME in the present case. For small-scale EUV waves, they often associate with micro-flares and miniature solar eruptions that have no enough energy to launch large-scale CMEs. For example, Zheng et al. (2012b) found that a fast-mode EUV wave is associated with a failed filament eruption that has no CME association. In other studies, it is observed that small-scale EUV waves can be excited by newly formed expanding loops through tethercutting mechanism (e.g., Zheng et al. 2012d Zheng et al. , 2013b . In the present event, the temporal and spatial relationship between the wave and the expanding loop system provide evidence that the EUV wave was driven by the expanding loop system. We emphasize that the expanding loop observed in the present event and the newly formed loops in Zheng et al. (2012d) and Zheng et al. (2013b) can be considered as the CME prototype in the low corona. Although miniature solar eruptions involving expanding loops can not launch successful CMEs that can be observed by coronagraphs, they resemble many characteristics with large-scale successful CMEs during the initiation eruption stage.
Our analysis results indicate that the transverse oscillation of the remote filament should be launched by the interaction of the EUV wave. Measurement results based on the Hα (AIA 171Å ) observatoins suggest that the amplitude, period, and damping time of the oscillation filament are 8 (6) Mm, 14.4 (15) minutes, and 60 (60) minutes, respectively. These parameters of the oscillation filament are consistent with the values reported in previous studies on filament oscillations caused by large-scale EUV waves (Shen et al. 2014a,b; Tripathi et al. 2009 ). With the method of filament seismology, it is estimated that the radial component of the filament magnetic field is about 7 Gauss. In previous studies, transverse filament oscillations are thought to be driven by chromosphere Moreton waves (e.g., Moreton 1960; Hyder 1966) , while longitude oscillations are caused by near-by flares, jets, and other activities (e.g., Jing et al. 2003; Vršnak et al. 2007; Li & Zhang 2012a; Bi et al. 2014; Zhang et al. 2012 Zhang et al. , 2017 . With coronal EUV observations, it is found that energetic large-scale coronal EUV wave can also trigger filament oscillations (e.g., Eto et al. 2002; Okamoto et al. 2004; . Recently, Shen et al. (2014a) found that a chain of oscillating filaments are caused by a very weak EUV wave that was associated with an energetic GOES X2.1 flare. The authors also proposed that the interaction angle between the incoming EUV wave and the filament main axis is important to trigger what types of filament oscillation. Namely, if the propagation direction of an EUV wave is perpendicular (parallel) to the filament axis, transverse (longitudinal) oscillation of the filament can be expected (Shen et al. 2014b; Pant et al. 2016) . In the present event, the EUV wave interacted with the filament perpendicularly and resulted the transverse oscillation of the filament, in agreement with the model proposed by Shen et al. (2014b) .
In summary, we conclude that the present smallscale EUV wave should be a fast-mode magnetosonic wave that was driven by the expanding coronal loop. It showed similar characteristics with large-scale EUV waves such as deceleration and reflection effect during the propagation, but the speed and acceleration of the present small-scale EUV wave are much slower than the those of large-scale EUV waves. The present event also suggests that filament oscillations can not only be triggered by large-scale energetic EUV and Moreton waves, but also small-scale EUV waves associated with less energetic miniature solar eruptions. So far, detailed studies on small-scale EUV wave are still very scarce, although their occurrence rate is very high. In the future, more observational and statistical studies are desirable for comparing the similarities and differences between small-and large-scale EUV waves about their driving source, excitation mechanism, and physical properties. In addition, since small-scale EUV waves often associate with micro-flares in the quiet Sun, resembling the size distribution of flares (e.g., Hudson 1991; Aschwanden 2007) , small-scale EUV waves are probably also important in the full spectrum of EUV waves of hierarchic sizes.
